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Abstract. The aim of this work was to establish the extraction procedure, the derivatization 
method, the separation temperature program, the identification and quantitation of the free fatty acids 
from meat. A gas chromatography - mass spectrometric (GC/MS) technique was used. The fatty acids 
were obtained by grounding meat, water and sand and then extraction was performed by mixing 
chloroform:methanol (2:1) during 30 seconds, at room temperature.  
The fatty acids were derivatized to obtain methyl esters. A Trace DSQ ThermoFinnigan 
quadrupole mass spectrometer coupled with a Trace GC was used. Fatty acids were separated on a 
Rtx-5MS capillary column, 30m x 0.25mm, 0.25µm film thickness, using a suitable temperature 
program. The identification of fatty acids was obtained by comparison of fatty acids methyl esters 
(FAME) mass spectra with the mass spectra of FAME kits and of NIST library. Concentrations of 
fatty acids were calculated by using a proper internal standard. 
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INTRODUCTION 
 
A gas chromatography-mass spectrometry (GC/MS) technique was used for 
qualitative and quantitative analysis of fatty acids in meat. The method involves extraction 
procedure, derivatization and gas chromatography/mass spectrometric analysis (GC/MS). 
Fatty acids from meat were derivatized as methyl ester derivatives (Freije, 2009; Shapira et al, 
2009; Pinela et al, 2009, Horj et al. 2010). Finally, the extracted analytes were detected by 
GC/MS in the electron impact (EI) mode. 
The aim of the paper was to develop an analytical method for determination of fatty 
acids in sausage meat samples. The method was validated by using fatty acid standard 
samples. The influence of fermentation process on fatty acids level in sausages is of large 
interest in the recent literature (Marco et al. 2006), (Zang et al. 2007). 
 
MATERIALS AND METHODS 
Chemicals and samples.  
Acetyl chloride and ion exchange resin Dowex 50W-X8 50–100 mesh were purchased 
from Fluka, while acetone and trifluoroacetic anhydride were obtained from Merck 
(Darmstadt, Germany). Amino acids standards were purchased from Sigma. [15N]-
methionone (99%) was produced by chemical synthesis. All the other chemicals were from 
Comchim (Bucharest). The blood and urine samples were obtained from patients and 
volunteers from the Pediatric Clinic III Cluj-Napoca.  
 
Extraction procedure and derivatization of fatty acids.  
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One gram of the defrosted meat with 1 g of fine quartz sand were thoroughly ground 
in a thick ceramic dish and homogenized with 5 ml distilled water. After centrifugation for 5 
min, 0.5 ml of the supernatant was used for fatty acids extraction by adding 0,5 ml 
chloroform:methanol (2:1), and mixing 30 sec. Then was followed a centrifugation for 5 min. 
The supernatant was removed. The extract was dried with a nitrogen flow. Derivatization 
procedure was applied for esterification with methanol-acetyl chloride (4:1 v/v) for 20 min at 
80oC. The method was validated. The validation parameters precision and sensitivity were 
tested. GC/MS analyses were performed for the determination of fatty acids in different meat 
samples. 
Instrumentation.  
A Trace DSQ ThermoFinnigan quadrupole mass spectrometer in the EI mode coupled 
with a Trace GC was used. The extracts were separated on a Rtx-5MS capillary column, 30 m 
x 0.25 mm, 0.25µm film thickness, using a temperature program from 50oC, 1 min, 8oC/min 
at 300oC, the flow rate 1ml/min, with helium 5.5 as carrier gas. Undecaenoic acid (C11:1) 
was used as internal standard. The qualitative analysis was carried out in the 50-500 a.m.u. 
mass range. The following conditions were ensured: transfer line temperature 250oC, injector 
temperature 200oC, ion source temperature 250oC, splitter 10:1, electron energy 70eV and 
emission current 100µA. 
 
RESULTS AND DISCUSSION 
 
Theoretical. 10 µg of C11:1 internal standard was added after extraction and 
derivatization to each sample. The fatty acids were calculated according with the internal 
standard quantity and by using the response factors, for detector response correction. The 
response factors were obtained by repetitive injections into GC/MS of the standard mixture 
containing known quantity of each fatty acid. The fatty acids calculations in biological 
samples were performed following the formulas:  
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where mi is the quantity corresponding to the compound i; mj is the internal standard 
quantity added before sample preparation; Ai and Aj are the peak areas of the compounds i 
and respectively j; Fi and Fj are the response factors for compound i and respectively j (the 
internal standard) calculated by using standards.  
The method was validated by using fatty acid standards. The developed method is 
selective and specific. The mass spectra recorded on each chromatographic peak permit the 
precise identification of the fatty acids, by using NIST library of mass spectra. Also, the 
overlapping of the compounds is easily discovered. The method was validated by using fatty 
acid standards. Precision gave lower value than 10% for R.S.D. and sensitivity value was 
lower than 10 ng of fatty acid injected. All the samples followed the same extraction and 
derivatization steps.  
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Fig. 1 presents the separation chromatogram of fatty acids methyl esters (FAME) in a 
beef meat sample compared with a sausage sample.  
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Fig.1. Comparison of free fatty acids methyl esters (FAME) separation chromatograms in a beef meat (up) and a 
sausage mixture meat (down). 
 
Meat concentrations of fatty acids were measured and compared with literature data. 
Data presented in table 1 contain the changing in different fatty acids after 4 weeks of storage 
(Jin et al, 2007). 
Tab. 1 
The content of different fatty acids in sausage 
 
Fatty acid (%) 0 weeks storage 4 weeks storage 
Myristic acid (C14:0) 1.06 0.95 
Palmitoleic acid (C16:1) 1.64 1.65 
Palmitic acid  (C16:0) 17.31 16.85 
Oleic acid (C18:1) 38.93 42.29 
Linoleic acid (C18:2) 23.13 21.31 
Stearic acid 10.49 11.36 
Arachidonic acid 7.43 5.60 
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SFA 28.87 29.15 
UFA 71.13 70.85 
EFA 30.56 26.91 
Note:  saturated fatty acids (SFA); unsaturated fatty acids (UFA): essential fatty acids (EFA). 
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Fig. 2. Comparison of free fatty acids separation chromatograms in a beef meat sample (up)  
and a sausage mixture (beef, pork and grease) (down). 
 
Our preliminary results are presented in table 2. The beef meat and the mixture of a 
sausage meat are compared. It is interesting to observe that unsaturated fatty acids (UFA) in 
the sausage mixture is higher that in beef meat and also the total saturated fatty acids (SFA) 
are higher in beef meat then in the sausage mixture. 
 
Tab. 2 
The content of different fatty acids in beef meat and sausage  
 
Fatty acid (%) Beef meat Sausage meat 
Myristic acid (C14:1) 0.84 0.09 
Palmitoleic acid (C16:1) 1.21 0.43 
Palmitic acid (C16:0) 13.46 8.47 
Oleic acid (C18:1) 22.7 28.54 
Linoleic acid (C18:2) 0.49 6.08 
Stearic acid 11.97 8.88 
SFA 26.28 17.44 
UFA 24.30 35.05 
EFA 1.7 7.51 
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Note:  saturated fatty acids (SFA); unsaturated fatty acids (UFA): essential fatty acids (EFA). 
 
The results showed that GC-MS is a suitable method for quantitative determination of 
amino acids in different meat products.  
 
CONCLUSIONS 
 
The method is precise and useful in the analysis of fatty acids from different biological 
media. Measurements performed on fatty acids from meat and sausage meat showed that GC-
MS is a suitable method for quantitative determination of amino acids. 
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